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The prevalence of hypertension and 
cardiovascular risks in children with renal 
scars secondary to urinary tract infection
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Hypertension is a late outcome of refl ux nephropathy and renal parenchymal scar secondary to urinary tract infection (UTI). We 
presumed that it might be detected much earlier after episodes of UTI and the associated cardiovascular risk factors assessed. 
 Between 2009 and 2011, 85 (67 female and 18 male) children aged 5-15 years with a history of febrile UTI, followed-up for at least 
one year from the fi rst episode of febrile UTI, were enrolled in the study. The variables included 24-hour ambulatory blood pressure 
monitoring (ABPM), echocardiography, carotid sonography, renal 99mcTc-DMSA, glomerular fi ltration rate, and microalbuminuria. 
Masked hypertension was detected in 18.8%, hypertension in 7.1% and white coat hypertension in 9.4% of cases. Prehypertension 
was seen in 20% of children. Out of 85 cases, 43.5% were non-dippers. Out of 56 children with hypertensive and prehypertensive 
parameters on ABPM, 9.1% showed left ventricular mass index >51g/m2.7 (p>0.05). Signifi cant correlation was only recorded 
between abnormal blood pressure and the severity of renal parenchymal scar (p<0.05). In conclusion, ABPM is suggested for early 
detection of masked hypertension and abnormal blood pressure pattern in all normotensive children with a history of recurrent UTI.
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INTRODUCTION
Ambulatory blood pressure monitoring (ABPM) is a sensi-
tive tool for early detection of hypertension and its fi nding 
is highly correlated to cardiovascular morbidity in adults. 
There is controversy about hypertension as a late sequel of 
urinary tract infection (UTI). Our previous study showed the 
rate of renal parenchymal scars after fi rst episode of acute 
pyelonephritis to be about 42% (1). The prevalence of renal 
scars in hypertensive children is 21% (2). Longitudinal stud-
ies estimate 3% to 30% increment of the occurrence of hy-
pertension after longtime follow up of patients with a his-
tory of parenchymal scarring secondary to vesicoureteral 
refl ux (VUR) and UTI during childhood (3-5). These studies 
are based on conventional blood pressure measurements. 
The mechanism of hypertension is not clearly defi ned but 
segmental ischemia and renin-angiotensin activation have 
been suggested. Plasma renin activity is raised in children 
with pyelonephritic scarring regardless of the absolute val-
ue of blood pressure (6). The patients with renal parenchy-
ma scar seem to have lower glomerular fi ltration rate (GFR) 
and activated renin- angiotensin-aldosterone system in 
comparison to controls. The capability of tubular handling 
of sodium and water in response to fl uid expansion is intact 
(7). On the other hand, a cohort based on ABPM in those 
with at least 10-year history of childhood UTI shows a lower 
incidence of hypertension in scarring with a higher level of 
atrial natriuretic peptide (8).
We presumed that the utilization of ABPM would help de-
tect abnormal blood pressure pattern in a shorter follow-up 
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survey of children with a history of acute pyelonephritis. 
Finding evidence for this hypothesis will be a clue for wider 
utilization of ABPM in children with a history of acute pyelo-
nephritis to detect masked hypertension. The aim of this 
study was to assess the correlation between blood pressure 
and target organ damages in children with diff erent de-
grees of renal parenchyma scars secondary to UTI.
PATIENTS AND METHODS
Between 2009 and 2011, 85 (67 female and 18 male) chil-
dren aged 5-15 years with a history of UTI were enrolled in 
the study. Participants were children with a history of febrile 
UTI followed-up routinely in the pediatric nephrology clinic. 
UTI was confi rmed by clinical symptoms and signs in favor 
of pyelonephritis, laboratory tests including complete 
blood count, erythrocyte sedimentation rate, C-reactive 
protein, and positive urine culture. All children were ques-
tioned about the presence of lower urinary tract symptoms. 
Weight, height and blood pressure were measured by con-
ventional methods. Body mass index (BMI) ≥95th percentile 
was defi ned as overweight. Puberty was assessed by the 
Sexual Maturation Rating (SMR) score and classifi ed into 
prepubertal (stages ≤4) and pubertal (stage >4). Urine anal-
ysis and urine culture were done at each visit. At fi rst, all chil-
dren visited the clinic every month for six months, then 
every three months until being free from UTI for at least one 
year. The inclusion criteria covered all children aged ≥5 
years with a history of UTI that were followed-up for at least 
one year from the fi rst episode of febrile UTI (single or recur-
rent UTI included). Exclusion criteria were obesity (BMI >95th 
percentile), any endocrine disorders, any antihypertensive, 
corticosteroid or nonsteroid anti-infl ammatory medica-
tions, neurogenic bladder, obstructive uropathy, chronic 
kidney disease stage more than two (eGFR <60 mL/
min/1.73m2), acute UTI at the time of the study, and chil-
dren unable to tolerate ABPM.
The study protocol followed the guidelines of the declara-
tion of Helsinki and Tokyo for humans and was approved by 
the institutional human experimentation committee of the 
Iran University of Medical Sciences. After obtaining consent 
from the parents and patients, all cases underwent 24-hour 
ABPM. All ABPM procedures were performed using a vali-
dated device from Tiba Medical Ambluo 2400 Inc. (Portland, 
Oregon, USA) with oscillometric monitor and actigraphy 
(9,10). Appropriate cuff  was used over non-dominant arm. 
The patient was requested to avoid excessive exercise and 
keep the arm still during measurements. The device was 
scheduled to measure blood pressure every 30 minutes at 
daytimes and every hour at night times. At least 35 correct 
measurements were considered suffi  cient. The mean sys-
tolic blood pressure (SBP), mean diastolic blood pressure 
(DBP), mean arterial pressure (MAP), SBP load, DBP load dur-
ing 24 hours while awake and during sleep were analyzed 
separately. We used normalized blood pressure references 
produced by the German working group for defi ning 95th 
percentile blood pressure (11). To diagnose hypertension, 
we considered that both criteria of blood pressure (SBP and 
DBP) load of more than 25% and mean blood pressure in-
dex (SBP, DBP, or MAP) equal or more than one existed. 
Blood pressure index was calculated by dividing the mean 
blood pressure (SBP, DBP, or MAP) to 95th percentile blood 
pressure (SBP, DBP, or MAP) for age, sex and height. Prehy-
pertension was defi ned by the mean blood pressure ≥90th 
percentile and <95th percentile for age, sex and height; or 
normal mean blood pressure with blood pressure load of 
>25%. Dipper was defi ned by ≥10% drop of the mean arte-
rial blood pressure (MAP, SBP, or DBP) level from day to night. 
When offi  ce blood pressure was normal and less than 95th 
percentile for age, sex and height, but ABPM showed con-
cordance with hypertension criteria, the patient was classi-
fi ed as masked hypertension (12). Standard transthoracic 
echocardiography was performed using a Vivid 3 (General 
Electric Medical Systems, Horten, Norway, 2.5-7 MHZ probe) 
device equipped with tissue Doppler technology, as we 
have previously described (13). All measurements were car-
ried out by one examiner who was blind to the status of the 
subjects. Left ventricular mass (LVM) was assessed by using 
two dimensional directed M-mode echocardiography. 
Then, LVM index (LVMI) was calculated to evaluate left ven-
tricular hypertrophy (LVH). LVM index of 38-51g/m2.7 was 
defi ned as the beginning of LVH and LVM index >51g/m2.7 
was considered as LVH. The intima-media thickness of the 
common carotid artery (cIMT) on each side was measured 
by a radiologist using a GE Logic 500 sonography system 
with two 7.5 MHz linear and 5 MHz convex probes. We have 
previously described the method of cIMT measurement in 
detail (14).
Urinary tract infection is defi ned by the presence of acute 
pyelonephritis symptoms and positive urine culture based 
on mid stream growth of more than 105 single colony or 
more than 104 by catheter (1). All children had 99mTc DMSA 
for detection of parenchymal scarring at least 6 months af-
ter acute UTI. The method included injection of 37 MBq of 
99mTc-DMSA intravenously and multiple projections were 
taken 3 to 4 hours later. Renal parenchymal scar was classi-
fi ed to type I: no more than two scarred areas, or persistence 
of the photopenic region; type II: more than two scars with 
some areas of normal parenchyma in-between them; type 
III: generalized damage to the whole kidney similar to ob-
struction nephropathy; type IV: end-stage ‘shrunken’ kidney 
(kidney with little or no uptake by 99mTc-DMSA scan; <10% 
of the overall function) (15,16). The 99m-Tc DMSA was re-
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ported by a physician who was unaware of the patients’ 
blood pressure and conditions.
Plasma creatinine was measured by Jaff e method using cre-
atinine kit (Pars Azmoon Co., Tehran, Iran) on a Biolis 24i Pre-
mium device (Tokyo Boeki Medical System, Ltd.). GFR calcu-
lation was based on serum creatinine using Schwartz for-
mula [0.55×height (cm)/Pcr]. GFR >90 mL/min/1.73 m2 was 
considered normal, 60-90 mild, 30-60 moderate, and 15-30 
severe chronic kidney disease, and <15 end stage renal dis-
ease. One should be aware that creatinine assessed by Jaff e 
method may overestimate GFR calculated by Schwarz for-
mula.
Urine microalbumin was assayed by the Binding Site neph-
elometric kit (MININEPH, Birmingham, UK). Microalbuminu-
ria was defi ned by the albumin to creatinine excretion of 
more than 30 mg/g creatinine. The sample was obtained 
from the fi rst urine of day.
The frequency, mean, and correlation were evaluated by 
the χ2-test, ANOVA test, and Spearman correlation. For vari-
ables that were not normally distributed, median and non-
parametric tests were used. The level of signifi cance was set 
at p<0.05.
RESULTS
Twenty-one of 101 children, mean age 7.6 (±2.9) years, were 
excluded because of having neurogenic bladder (n=1), be-
ing hypertensive and on medication (n=1), insuffi  cient data 
of ABPM (n=8), age less than fi ve years (n=9), and eGFR 
<60mL/min/1.73 m2 (n=2). Table 1 shows demographic, 
laboratory and imaging reports at the start of the study. We 
categorized children according to the severity of renal pa-
renchymal scars based on 99Tc-DMSA report. As shown in 
Table 1, the group with more severe renal parenchymal scar 
was accompanied with higher VUR grade, lower GFR, and 
higher DBP detected on offi  ce check up, and it was more 
frequent in male gender.
Table 2 shows ABPM results in study children according to 
renal DMSA classifi cation. Table 3 depicts the frequency of 
abnormal blood pressure in children with UTI and the cor-
relation of abnormal blood pressures with independent 











Age (yrs) 7.8 (5-12) 7.3 (5-15) 8 (5-13) 8.5 (5-14) NS 













BMI 15 (10-23) 15.4 (10.7-25) 16 (11-21) 15 (6-20) NS
BMI >85th percentile, n (%)* 6 (25) 7 (27) 6 (40) 5 (25) NS
Weight (kg) 21 (14-52) 24 (13-63) 29.5 (13-46) 22 (13-50) NS
Height (cm) 124 (106-161) 124 (93-158) 135 (107158) 131 (99-163) NS
SBP-causal (mm Hg) 100 (70-130) 100 (76-120) 100 (80-120) 102.5 (60-130) NS
DBP-causal (mm Hg) 60 (40-80) 63 (30-85) 68 (40-80) 70 (40-100) 0.047
Plasma Cr (mg/dL) 0.6 (0.4-1) 0.6 (0.3-0.8) 0.6 (0.4-0.8) 0.7 (0.4-0.9) 0.034
GFR(mL/min/1.73 m2) 118 (68-163) 109 (78-220) 114 (82-173) 96 (70-158) 0.044












Follow up (yrs) 3.4 (1-10) 5 (1-12) 4.2 (1-8.5) 5 (1-10) NS
Familial RF, n (%)* 4 (16.7) 6 (23) 3 (20) 3 (15.8) NS
Single kidney, n (%)* 1 (4) 2 (7.7) 0 3 (15) NS























F = female; M = male; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; Cr = creatinine; RF = risk factor; 
VUR = vesicoureteral refl ux; *number (percentage) analyzed by χ2-test
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variables. Only the severity of renal parenchymal scars 
showed correlation with signifi cantly abnormal blood pres-
sure (Figure 1). We did not fi nd any correlation between 
non-dipper status and diff erent independent variables.
The mean (SD) carotid cIMT was 0.36 mm (0.048) in hyper-
tensive, 0.33 mm (0.068) in prehypertensive, and 0.33(0.046) 
in normotensive children (p>0.05). Overall, offi  ce blood 
pressure detected high blood pressure in 14 children and 
ABPM detected hypertension in 22 children including four 
(4.7%) with high 24-hour blood pressure, and 18 (21.2%) 
with night-time hypertension. Comparison of the offi  ce 
blood pressure with ABPM reports revealed that hyperten-
sion was confi rmed in six (7.1%) children, eight (9.4%) had 
white coat hypertension, and 16 (18.8%) had masked hy-
pertension. We found that children with masked hyperten-
sion had a more severe renal parenchymal scar (p=0.015), 
but the frequency of VUR, single kidney, or GFR was not dif-
ferent (p>0.05).
DISCUSSION
The study showed that about 26% of the children with a 
history of UTI were hypertensive and 39% were prehyper-
tensive. These children had a higher rate of left ventricular 
hypertrophy after short term follow-up. ABPM is a sensitive 
tool for detection of white coat hypertension, masked hy-
pertension, and evaluation of blood pressure pattern. A re-
cent European guideline for the management of hyperten-
sion recommends assessing total cardiovascular risk factors 
in all hypertensive patients. The coexistence of hyperten-
sion and cardiovascular risks potentiates each other. The risk 
factors that might be applicable while evaluating a child for 
blood pressure include lipid profi les, blood glucose level, 
smoking habit, and asymptomatic organ damage. Moreo-
ver, taking personal and family medical histories are essen-
tial steps in initial evaluation of such cases (12). Jacobson et 
al. studied 30 adults with a history of childhood UTI. Renal 
scars were detected by intravenous pyelogram. Of these 
patients, 23% developed hypertension and 10% progressed 
to end stage renal failure (5, 17). Köhler et al. conducted a 
retrospective cohort study on 115 adults with VUR and a 
history of UTI. Hypertension was detected in 34% and it was 
more common in bilateral VUR (18). Another study by 
Ahmed et al. looked at the prevalence of renal scars in hy-
pertensive children and reported 21% of hypertensive chil-
dren having renal scars (2). Contrary to previous studies, 











24-hour SBP (mm Hg) 101.5 (7.6) 97.7 (5.9) 99 (4.4) 106.4 (9.8) 0.001
DBP (mm Hg) 62.1 (4.7) 62.8 (5.9) 62.4 (4.7) 69 (8.6) 0.001
MAP (mm Hg) 72.8 (8.7) 69 (14) 73.5 (8.5) 77 (14) NS
SBPL (%)* 13 (0-67) 10.6 (0-59) 10.8 (0-33) 27 (0-73) NS
DBPL (%)* 11 (0-51) 11 (0-48) 11.5 (0-48) 24 (2.6-71) NS
Day-time SBP (mm Hg) 104.2 (8.5) 102 (7.4) 102 (5.4) 109 (10.6) 0.028
DBP (mm Hg) 64 (5) 65 (6.7) 64.6 (5) 71.5 (9) 0.001
MAP (mm Hg) 78.5 (5.4) 77 (6) 77.7 (5) 83 (7.5) 0.005
SBPL (%)* 16 (0-63) 11 (0-66) 13.6 (0-41) 24 (0-87) NS
DBPL (%)* 11.5 (0-55) 13.5 (0-50) 15 (0-59) 26.5 (0-83) NS
Night-time SBP (mm Hg) 95.3 (9.4) 89.6 (8.5) 93.5 (7.4) 100 (12.7) 0.007
DBP (mm Hg) 58 (6) 58 (5.7) 58 (6) 64 (11.7) 0.021
MAP (mm Hg) 70 (7) 67.6 (6) 68 (6.7) 78 (16) 0.003
SBPL (%)* 6.5 (0-58) 0 (0-71.4) 0 (0-57) 18.4 (0-60) 0.042
DBPL (%)* 0 (0-40) 0 (0-71.4) 4 (0-100) 25 (0-100) NS
Dipper status SBP (mm Hg)* 8 (-9.2-32) 11 (2-27) 5.3 (1-31) 6 (-3-19) 0.003
DBP (mm Hg)* 9 (1-26) 10.5 (0-30) 10 (1-30) 11.5 (1-31.7) NS









SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial blood pressure; SBPL = systolic blood pressure load; DBPL = diastolic 
blood pressure load; 24-hour = 24-hour monitoring; dipper status = percentage of blood pressure drop at night time; *median (range) analyzed by 
non-parametric median test
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Wennerström et al. found a low risk of hypertension and 
higher level of atrial natriuretic peptide in long term follow 
up of 68 children with a history of UTI and non-obstructive 
renal scar compared to 51 matched controls. The mean SBP 
and DBP during day, night and 24 hours were not diff erent 
between the groups (8). It was not in accordance with our 
results that the mean SBP and DBP during day-time, night-
time and the whole day (24 hours) were higher in children 
with renal scar. Patzer et al. compared 24-hour ABPM in 61 
children with renal scar secondary to recurrent UTI and VUR 
with 904 healthy children and found higher mean night-
time SBP and DBP in children with scar and lower drop of 
blood pressure at night, which is consistent with our fi nd-
ings (19).
However, we found higher 24-hour blood pressure and 
nigh-time hypertension in children with more sever scar de-
tected on renal parenchyma scan. Lama et al. report that 
children with high grade VUR had a higher rate of hyperten-
sion detected by ABPM, lower GFR, higher rate of microal-
bumin excretion, and higher mean plasma renin activity 
(20). It is consistent with our study, where a statistically sig-
nifi cant correlation was found between abnormal blood 
pressure and the severity of VUR or renal parenchymal scars. 
However, the mean cIMT was not diff erent among hyper-
tensive, prehypertensive and normal children; patients with 
abnormal blood pressure had a higher rate of cIMT 
>0.35mm. Lande et al. measured cIMT in 28 children with 
newly diagnosed essential hypertension and 28 normoten-
sive cases. They found a correlation between abnormal 
ABPM parameters and cIMT, but this correlation did not ex-
ist between ABPM and LVMI (21).
Children who were hypertensive and prehypertensive in 
ABPM parameters had a signifi cantly higher rate of LVMI 
>38 g/m2.7. It was in accordance with Stabouli et al. who 
evaluated LVMI and prevalence of LVH in 124 children. They 
found a signifi cantly higher LVMI in hypertensive and prehy-
pertensive children as compared with normotensive chil-
dren. The prevalence of LVH was similar in both children 
with high blood pressure and prehypertensive children (22). 
Richey et al. measured ABPM and LVMI in 110 children at risk 
of hypertension and found a signifi cant positive correlation 
between elevated LVMI and SBP parameters (23). In our 
study we found a higher prevalence of LVMI and moderate 
chronic kidney disease in children with abnormal blood 
pressure on ABPM. Tafreshi et al. measured myocardial per-
formance index by tissue Doppler imaging and found bet-
ter sensitivity and specifi city for early detection of subtle 
TABLE 3. Correlation between blood pressure abnormalities 
and independent factors































































5 6 4 Non-dipper: 6
Dipper: 9
p-value NS NS




















FH of HTN, n




GFR = glomerular fi ltration rate; MAU = microalbuminuria; cIMT = carotid 
intima media thickness; VUR = vesicoureteral refl ux; LVM = left ventricular 
mass; FH of HTN = family history of hypertension
FIGURE 1. The frequency of blood pressure change in diff erent severity 
of renal scars (p=0.009).
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abnormalities of left ventricular dysfunction than pulse 
wave Doppler method (13). More than one-third of patients 
in our study had prehypertension on ABPM. Urbina et al. 
supported the argument that even modest elevation in 
blood pressure has an important eff ect on the cardiovascu-
lar system in adolescents and young adults, analyzing target 
organ damages such as increased cIMT, LVMI, and carotid 
dysfunction (24). The absence of control group was one of 
the limitations of our study.
In conclusion, ABPM for early detection of hypertension and 
prehypertension is suggested in all normotensive children 
with a history of recurrent UTI. Serial annual ABPM in these 
children would help evaluate the pattern of blood pressure 
in this group.
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S A Ž E T A K
Učestalost hipertenzije i kardiovaskularnih rizika 
u djece s ožiljcima na bubrežnom tkivu 
nakon mokraćne infekcije
N. Hooman, R. Isa-Tafreshi, SH. Mostafavi, F. Halladji, A. Tavasoli, M. Saeidy, M. Mehrazma, H. Otukesh
Hipertenzija je kasni ishod refl uksne nefropatije i ožiljaka na bubrežnom parenhimu koji nastaju nakon mokraćne infekcije. Pretpo-
stavili smo da bi se to moglo otkriti znatno ranije nakon epizoda mokraćne infekcije te procijeniti pridružene kardiovaskularne 
čimbenike rizika. Od 2009. do 2011. godine, u ispitivanje je uključeno 85 (67 Ž, 18 M) djece u dobi od pet do 15 godina s anamnezom 
febrilne mokraćne infekcije koja su bila praćena najmanje jednu godinu od prve epizode febrilne mokraćne infekcije. Praćene su 
sljedeće varijable: 24-satno ambulatorno praćenje krvnog tlaka (ambulatory blood pressure monitoring, ABPM), ehokardiografi ja, 
karotidni ultrazvuk, 99mcTc-DMSA bubrega, glomerularna stopa fi ltracije i mikroalbuminurija. Maskirana hipertenzija otkrivena je 
u 18,8%, hipertenzija u 7,1% i hipertenzija “bijele kute” u 9,4% slučajeva. Prehipertenzija je zabilježena u 20% djece. Od 85 slučajeva 
43,5% ih nije pokazalo odgovarajući pad krvnog tlaka tijekom noći (non-dipper). Od 56 djece s hipertenzivnim i prehipertenzivnim 
parametrima na ABPM 9,1% ih je imalo indeks lijeve ventrikularne mase veći od 51g/m2.7 (p>0,05). Značajna korelacija zabilježena je 
između nenormalnog krvnog tlaka i težine ožiljka na bubrežnom parenhimu (p<0,05). U zaključku, ABPM se može preporučiti za 
rano otkrivanje maskirane hipertenzije i nenormalnog kretanja krvnog tlaka kod sve normotenzivne djece s anamnezom opetovane 
mokraćne infekcije.
Ključne riječi:  praćenje krvnog tlaka, ambulatorno; mokraćna infekcija; hipertrofi ja, lijeva ventrikularna; debljina intime-medije karotidnih 
arterija; rana dijagnostika
